Background: Previous research has noted an age effect on the temporal integration of the acoustic reflex for a noise activator.
E mmer et al (2006) reported age-related changes on temporal integration of the acoustic reflex threshold (ART) for a broadband noise (BBN) activator. Their findings indicated a significant difference in temporal integration between young and older adults at durations of 200 msec and longer. The threshold difference was more marked as duration increased. At 1000 msec duration, the difference was approximately 10 dB between the groups. These findings raise the question of whether the same age effect will be noted for a tonal activator. The current study is a follow-up to the first study in which the same basic procedures and design were followed.
EXPERIMENTAL METHODS

Subjects
The subjects consisted of two groups of normalhearing adults. The groups were divided equally into ten females and ten males ranging in age from 18-29 years, with a mean age of 24 years for the younger group, and 59-75 years, with a mean age of 67.5 years, for the older group.
Both groups met the following criteria for inclusion: (1) air-conduction thresholds less than or equal to 20 dB HTL at the octave frequencies from 250 to 8000 Hz (American National Standards Institute [ANSI], 1996); (2) bone-conduction thresholds (ANSI, 1996) from 250 to 4000 Hz within 5 dB of the airconduction thresholds; (3) tympanometric middle ear peak pressure point within 650 daPa; (4) peakcompensated static-acoustic admittance not less than 0.35 mmho (Jerger, 1970; Silman and Silverman, 1991) ; (5) contralateral acoustic reflexes present for the 500, 1000, and 2000 Hz tonal activators within the 90th percentiles (Silman and Gelfand, 1981b) ; (6) negative otoscopic findings; and (7) negative otologic and neurologic histories. Table 1 shows the means, ranges, and standard deviations for the pure-tone air-conduction thresholds for the younger and older adult subjects.
Procedure
The activating stimulus was a 1000 Hz signal with the same durations used for the BBN activator by Emmer et al (2006) , that is, 12, 25, 50, 100, 200, 300, 500, and 1000 msec. A 1000 Hz stimulus was chosen because this frequency seems to be unaffected by adaptation regardless of age. Rapid adaptation occurs for the acoustic reflex for frequencies above 1000 Hz. In fact, Djupesland et al (1967) reported that adaptation occurs in a fraction of a second in the normal-hearing population when using a 4000 Hz tonal activator.
The procedure was the same as that reported by Emmer et al (2006) . One ear of each subject in each group was randomly selected. The activating stimulus duration was randomized as well. Therefore, 20 ears were tested in each group. The interstimulus interval (ISI) was 6 sec. The 1000 Hz activator, presented via the contralateral mode, was delivered through insert phones to the test ear. The acoustic-admittance change was monitored in the contralateral ear and recorded with a digital strip-chart recorder. The stimulus was first presented below the expected ART, and the intensity of the activating stimulus was increased in 1 dB increments until an observable ART was recorded. The ART was defined as the lowest level at which a repeatable response was present on all three ascending trials (Silman et al, 1978) .
Instrumentation and Calibration
The instrumentation and calibration for measurement of temporal integration, immittance, and pure tones were detailed in Emmer et al (2006) . The sole modification for the current study was the stimulus used; that is, a 1000 Hz tone replaced BBN.
Statistical Analysis
The participant effect size and power were provided by formulas given in Cohen (1988) . The effective sample size was equal to 20 subjects in each group. The moderate effect size is equal to approximately 0.65 with a power of 0.80.
The data were analyzed using a repeated measures analysis of covariance. The between-subjects factor was age, and the within-subjects factor was duration of 
RESULTS
W
e investigated whether temporal integration of the 1000 Hz tonal ART in the older subjects differs from that in the younger subjects for the following durations: 12, 25, 50, 100, 200, 300, 500, and 1000 msec.
The results of multivariate testing indicate a significant main effect (p 5 0.000) for the withinsubjects factor of duration (see Table 2 ) and a nonsignificant main effect (p 5 .889) for the between-subjects factor of age (see Table 3 and Figure 1 ). The data in Figure 1 are plotted on a logarithmic scale. The graph shows that the data overlap between the younger and older subjects. As Table 2 shows, no significant interactions involving the within-subjects factor of duration were observed.
DISCUSSION
T he results of this investigation reveal that as stimulus duration increases, acoustic reflex threshold for the 1000 Hz tonal activator improves (see Table 2 ). These results are consistent with those reported by Emmer et al (2006) for a BBN activator. However, the data on the effect of age on temporal integration for a 1000 Hz tonal activator show that there is no significant difference between older and younger subjects (see Table 3 ). Most acoustic-reflex parameters are affected by age, for example, growth function for both BBN and tonal activators (Thompson et al, 1980; Silman and Gelfand, 1981a) , temporal integration for a BBN activator (Emmer et al, 2006) , ART for BBN (Silman, 1979) , latency of the acoustic reflex (Bosatra et al, 1984) , and so forth. A possible explanation for the lack of an age effect on temporal integration for a 1000 Hz activator may be that the age effect on the acoustic reflex in general is subtle and diffuse. A tone such as 1000 Hz occupies a discrete, rather than diffuse, portion of the basal membrane. Therefore, the effects of age for a tonal activator may be undetected. For example, age effects are observable both for threshold and temporal integration for BBN since the noise activator occupies a large portion of the basal membrane.
The subtle nature of the effect of age on the acoustic reflex can also be found in the growth function of the acoustic reflex for a tonal activator (Thompson et al, 1980) and for BBN (Silman and Gelfand, 1981a) . Thompson et al (1980) compared the acoustic reflex growth function for 500, 1000, and 2000 Hz tonal activators and BBN in younger versus older adult normal-hearing subjects. They reported that the acoustic reflex growth function appears to be essentially linear Temporal Integration of the ART/Emmer et al up to approximately 40 years of age but saturates at ages 70 and above at high intensity levels for both tonal and BBN activators. Consistent with this finding, Silman and Gelfand (1981a) reported that the saturation of the acoustic reflex function for the older adult occurs at high intensity levels for BBN. To explain saturation at high levels for the acoustic reflex growth function in the elderly, and its absence in the younger adult, Silman et al (1978) hypothesized that aging results in a reduced capacity of energy that can be integrated at high levels, since at high levels, as opposed to threshold, the stimulus will occupy a larger portion of the basal membrane. This situation is analogous to BBN at threshold since both BBN at threshold and the acoustic reflex growth function at high levels occupy a wide section of the basal membrane.
CONCLUSION
T he results of this study indicate that temporal integration of the contralateral ART for a 1000 Hz tonal activator does not differ for younger and older subjects. These findings contradict those for the BBN ART. We hypothesized that age-related changes on the acoustic reflex in general are slight and diffuse. While BBN is spread along the basal membrane, and age presents a cumulative effect for this stimulus, pure tones occupy only a small part of the basal membrane, and thus age-related changes are not apparent. It is possible to use temporal integration for the 1000 Hz activator without concern for age-related changes thereby enhancing the utility of this activator for clinical and scientific investigation. The results of the present study apply only to the 1000 Hz activator. Further research is therefore suggested for temporal integration of the contralateral ART for other tonal activators.
